The aim of the study was to correlate the severity of poststroke pathological crying with lesion size and location.
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Background and Purpose The aim of the study was to correlate the severity of poststroke pathological crying with lesion size and location.
Methods Twelve selected stroke patients were ranked in terms of overall clinical severity of the syndrome of pathological crying, and the size and location of the stroke lesion(s) were determined by magnetic resonance imaging.
Results The patients with the clinically most severe pathological crying had relatively large bilateral pontine lesions without lesions in the hemispheres. The intermediate group P oststroke pathological crying (PC) is a distressing, embarrassing, and often socially disabling condition in which patients are overwhelmed by involuntary and uncontrollable long-lasting sequences of facial expressions that may or may not include weeping equivalents and which mimic normal crying. 14 However, in contrast to normal crying the outbursts are triggered by relatively minor events (nonspecific stimuli), without concomitant or subsequent change in mood. Recently it has been proposed that PC is the most extreme expression of a syndrome termed emotionalism, the milder forms of which either can be controlled to some extent or break through only in emotionally provocative situations."
We have recently found indirect evidence that serotonergic neurotransmission may be damaged in patients with poststroke PC. 4 We therefore undertook the present study in an attempt to correlate for the first time the severity of poststroke PC with lesion size and location as demonstrated by magnetic resonance imaging (MRI), paying particular attention to brain areas involved in serotonergic neurotransmission.
Subjects and Methods
In twelve stroke patients with PC (median age, 51.5 years; range, 40 to 73 years), crying episodes (CE) were clinically evaluated with respect to time course, frequency, quality, and the context in which episodes occurred. The patients were then ranked in terms of overall clinical severity of PC. The volume 3 and location 6 of the stroke lesions were determined by MRI. All patients also participated in a double-blind, placeboReceived January 17, 1994; accepted February 4, 1994 . 
Results
The clinical data related to PC are presented in Table  1 . On the basis of clinical judgment, and in the case of 7 patients additional evaluation of video recordings of crying episodes, the 12 patients were ranked in terms of overall clinical severity of PC, the most affected being patient 1 and the least affected patient 12 (Table 1 ). All patients had weeping equivalents, and none were able to modulate their crying episodes. On the basis of the clinical findings, the patients fell into three groups: patients 1 through 3, with crying episodes of long duration (>1 minute) and high frequency (>10 per day); patients 9 through 12, with episodes of short duration (<30 seconds) and low frequency (<5 per day); and patients 4 through 8, with episodes of medium duration (<1 minute) and medium frequency (5 to 10 per day).
The MRI findings are summarized in Table 2 , in which the size and location of the lesions are indicated for each of the 12 patients. There appears to be a clear, progressive change in the location and size of the lesion from the patient with the clinically most severe PC (patient 1) to the one with the mildest PC (patient 12). In the group of patients with the clinically most severe PC (patients 1 through 3), there were relatively large bilateral pontine lesions, without lesions in hemispheres. In the intermediate group (patients 4 through 8), there were bilateral, relatively large anterior hemispheric lesions involving the basal ganglia or periventricular structures. In the clinically least affected patients (patients 9 through 12), there were mainly large unilateral subcortical lesions, with the exception of patient 12, who had a small right-sided pontine lesion. (In the first week after stroke this patient experienced PC that rapidly resolved to an almosthabitual condition.)
Discussion
Because there is increasing evidence that serotonergic neurotransmission may be disturbed in poststroke PC, 4 ' 7 we paid particular attention to the serotonergic raphe nuclei in the brain stem. The latter give rise to long, ascending projections to the limbic forebrain structures through the basal ganglia to the frontal cortex, from which they run anteriorly to posteriorly through the deep layers of cortex 8 ; thus, it might reasonably be expected that serotonergic neurotransmission would be most affected by pontine lesions, followed by bilateral central hemispheric lesions, and then more anteriorly placed and large lesions of the hemispheres. The present finding that there does, in fact, appear to be a correlation between the clinical severity of PC and the extent to which the stroke lesion encompasses brain areas involved in serotonergic neurotransmission is in- 
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terpreted as indicating that (1) damage to serotonergic neurotransmission is involved in the pathogenesis of PC and (2) from a clinical point of view, uncontrolled crying after stroke is a single syndrome, with differences in clinical presentation related to the extent to which serotonergic neurotransmission is damaged rather than being different conditions or subtypes of the syndrome. Hence, the more the serotonergic system is damaged, the more long lasting and easily or nonspecifically provoked are the episodes of crying.
In keeping with our hypothesis that serotonergic neurotransmission plays an important part in poststroke PC, 4 we propose that the syndrome of poststroke PC be defined as a condition comprising an automatic sequence (brief or long lasting) of facial grimacing, with or without weeping equivalents, that can be socially controlled only slightly or not at all and is unrelated to the emotional state. The least affected patients present with involuntary facial grimacing without weeping equivalents in appropriate situations (that are usually controlled socially), and the most affected patients present with classic PC.
Our present findings are supported by a case report 9 of a 39-year-old patient who presented solely with pathological laughing and crying and in whom MRI showed a vascular malformation in the anterior upper part of the brain stem. Furthermore, in a study 10 of amyotrophic lateral sclerosis (ALS), almost all of a young cohort with pathological laughing or crying were found to have developed bulbar involvement, and more than half of ALS patients with bulbar symptoms had outbursts of laughing or crying. From this the authors concluded that brain stem lesions play a causative role in the origin of pathological laughing or crying in ALS.
We interpret our finding of a correlation between the clinical severity of PC and the extent to which the stroke lesion encompasses brain areas involved in serotonergic neurotransmission as indicative that poststroke PC may be attributable to stroke-induced partial destruction of the raphe nuclei or their ascending projections, with the severity of the symptoms depending on the extent to which serotonergic neurotransmission is damaged.
